INTRODUCTION
Coronary artery disease (CAD) is the leading cause of death in Western societies. For example, in the United States the total prevalence of CAD is 7.0% in adults over 20 years of age and it caused about 1 of every 6 deaths in 2007 [1] . It can be viewed to result from a combination of genetic and environmental factors as well as their interactions. Epidemiological studies have identified many traditional risk factors for CAD, including tobacco use, physical inactivity, poor nutrition, obesity, hypertension, high blood cholesterol, and diabetes. In addition to these modifiable risk factors, CAD and its main complication, myocardial infarction (MI), have a strong genetic basis [2] .
Biomarkers such as high-sensitivity Creactive protein (hs-CRP), homocysteine and fibrinogen have been emerged for identifying the population with high CAD risk from several cohort studies, independent of the other established risk factors [3, 4] .
In spite of the clinical impact these emerging biomarkers have, few cohort studies or meta-analyses have validated the effect of biomarkers in the prediction of the CAD risk in Asian population [5] .
Circulating plasma fibrinogen levels have been reported to influence both thrombotic mechanisms and the atherosclerotic process [3] . The fibrinogen molecule is composed of two identical subunits, and each of these consists of three polypeptide chains: Aa, Bb and c. Each chain is coded for by a specific gene situated on chromosome 4 at 4q23-32. It has been demonstrated that the synthesis of the fibrinogen Bb-chain is rate limiting in the synthesis of the mature fibrinogen protein [4] . The G-455A polymorphism is located in the promoter region of the fibrinogen Bb gene. Carriers of the -455A allele at this polymorphic site, about 20% of the population, have been suggested to have about 7-10% higher fibrinogen levels than those homozygous for the -455G allele [6] .
Homocysteine lies at an important metabolic branch point of methionine metabolism, between the re-methylation and trans-sulfuration pathways [7] . The gene that encodes methylene tetra hydro folate reductase enzyme (MTHFR), which is involved in the metabolism of homocysteine (Hcy), is of great interest in clinical practice [8] . The substitution of cytosine (C) by thymine (T) at nucleotide 677 of the MTHFR gene that converts an alanine to a valine residue was responsible for the thermo-lability of MTHFR [9] . Some authors suggested that the homozygosity for the MTHFR C677T polymorphism was associated with an increased risk of coronary heart disease [10] . C-reactive protein (CRP) is the strongest and most significant risk factor of future cardiovascular events among people without overt hyper lipidemia. These last findings support the hypothesis that a low grade subclinical local inflammatory response may be associated with cardiac ischemic events [11] . The interplays between genetic and environmental factors are important in the phenotype development of complex trait diseases, such as CAD. Several single nucleotide polymorphisms of the CRP gene have been demonstrated to affect plasma CRP concentration, such as +1059 G >C and +1444 C > T in exon 2 and intronic T > A polymorphisms [12] .
The aim of the present study was to investigate the association of plasma homocysteine and hs-CRP with the risk of CAD and fibrinogen 455G/A, MTHFR C677T and CRP+1059G>C gene polymorphisms with the incidence of CAD.
II. Subject and Methods
The study was planned to include 100 subjects; they were classified into the following two groups, 50 each group: Group I (GP1): (control group) included healthy volunteers with ages ranged (38 -62) years, Group II (GP2): included patients with ischemic heart disease with age range (40-60) years. All patients and controls had the same life style (non of them was smoker, had excessive alcohol consumption or special dietary habit).
After fourteen hours fasting, 6ml blood samples were withdrawn by vein puncture from the anti-cupital vein and then the blood samples were aliquoted as follows: 2ml blood in anticoagulant free tubes for determination of CRP, lipid profile. Blood samples were kept at room temperature for 30 minutes until clot formation, then sera were separated by centrifugation at 3000 rpm aliquoted and kept freeze at -20°C until use. 2ml blood into disodium ethylene diamine tetra acetic acid (Na2EDTA-2H2O) treated tubes for determination of homocysteine, plasma was separated by centrifugation at 3000 rpm, and plasma was kept in eppindorf tubes& stored at -20°C until use. 2ml blood into an ethylene diamine tetra acetic acid (EDTA) containing tube. A separated aliquot was kept for DNA extraction.
II.1. Biomarkers detection methods:
lipids were measured by lipoprotein lipase peroxidase according to Fossati method [13] , Total cholesterol (TC) by cholesterol oxidase according to Allain method [14] , high density lipoprotein (HDL) by phosphotungstate magnesium chloride methodology according to Lopes-Virella method [15] , very low density lipoprotein (VLDL) and low density lipoprotein (LDL) levels were calculated indirectly by means of the Friedwald formula [16] as (VLDL-C = TG/5 provided TG = 400 mg/dL) and LDL-C = TC -(HDL-C + VLDL-C). Total plasma homocysteine levels were determined by enzyme linked immunoassay (Cat. No. KA1242Microplate
EIA Homocysteine BioRad, USA) based on enzymatic conversion of homocysteine to S-adenosyl homocysteine followed by quantification of S-adenosyl-Lhomocysteine by an enzyme-linked immunoassay according to Frantzen method [17] . Serum hs-CRP concentrations were determined using a particle-enhanced immuneturbidimetry assay with a lower detection limit of 0.03 mg/L. hs-CRP was analyzed from frozen, in which CRP has previously been shown to be stable (Cat. No. E29-056 Dade Behring Marburg GMBH, Marburg, Germany) according to Jeppesen [18] .
II.2.1. Polymorphism analysis of the fibrinogen 455G/A gene:
The 455G/A polymorphism of the fibrinogen gene was analyzed by the restriction fragment length polymorphismpolymerase chain reaction (RFLP-PCR) method described by Thomas [19] . A DNA fragment of 865 bp was amplified using the forward primer: 5'-CACTTACTGGGATTTGGATTAC-3' and the reverse primer 5'-GGCTGAACCATTTTATCATTTA-3'. The PCR was performed in 50 µL reaction mixture using 0.3 µg of genomic DNA. Ten microliters of the PCR product was digested with the restriction enzyme HaeIII (New England Bio-Labs, Beverly, MA, USA) and electrophorised on 2% agarose gels.
II.2.2.Polymorphism analysis of the MTHFR C677T gene:
The MTHFR C677T polymorphism of the homocysteine gene was analyzed by the restriction fragment length polymorphismpolymerase chain reaction (RFLP-PCR) method described by Frost [9] .about 50 to 80 ng DNA samples were amplified in a final volume of 25 μL containing 1×PCR buffer with 1.5 mmol/L MgCl2, 2 unit Taq DNA polymerase, 100 μmol/L dNTP, and 0.5 μmol/L of each primer, Forward: 5'-TGAAGGAGAAGGTGTCTGCGGGA-3' and Reverse:5' AGGACGGTGCGGTGAGAGTG-3'. The restriction enzyme Hinf I (Promega, UK) was used to distinguish the C677T polymorphism. and the product was electrophorised on 2% agarose gels.
II.2.3.Polymorphism analysis of the CRP+1059G>C gene:
The +1059G>C polymorphism of the CRP gene was analyzed by the restriction fragment length polymorphism-polymerase chain reaction (RFLP-PCR) method described by Cao and Hegele [20] . about 50 to 80 ng DNA samples were amplified in a final volume of 25 μL containing 1×PCR buffer with 1.5 mmol/L MgCl2, 2 unit Taq DNA polymerase, 100 μmol/L dNTP, and 0.5 μmol/L of each primer, Forward: 5'-GATCTGTGTGATCTGAGAAACCTCT-3' and Reverse: 5'-GAGGTACCAGAGACAGAGACGTG-3'. The restriction enzyme MaeIII (Promega, UK) was used to distinguish the +1059G>C polymorphism, and the product was electrophorised on 2% agarose gels.
III. Statistical analysis:
Prevalence of alleles and genotype among patients and control subjects were counted and compared with Hardy-Weinberg predictions. Chi-square test ( 2 , Fisher's exact test) was used to test the distribution of the different genotypes in the different groups. For correlation studies, Pearson correlation test was used. P value of < 0.05 was considered statistically significant. Statistical analysis was performed using SPSS 20 statistical Package. [21] Results IV. 
IV.2.1.Genotyping of the fibrinogen 455G/A gene:
The fragment amplified by PCR contains a constant HaeIII site that acts as an internal control and generates fragments(wild genotype, GG) of 732 and 133 bp. If the polymorphic site is present, HaeIII digestion cleaves the 732 bp fragment to a 382-bp and a 350-bp fragment .,i.e (heterozygote genotype, GA) results in four fragments 133, 732, 382 and 350bp while the mutant homozygote(AA) results in three fragments 382, 350 and 133bp. (Figure 1 ).
 Frequency of the fibrinogen 455G/A gene:
Our results showed that the prevalence of the GA genotype was found to be 38%, 40%
in the control and patient group, respectively whereas almost similar mutant homozygous frequencies (8% and 22%) were observed in controls and patients, respectively. There was no significant difference regarding the distribution of the GG and GA genotypes in the two studied groups while in the, AA genotype showed a significant difference between the two groups (P<0.05). A allele frequency was significantly higher in the patient group (42%) than the control (27%) (p<0.001, OR 13.2 (95% CI, 5.47-31.76) ( Table 2) .
IV.2.2.Genotyping of the Homocysteine MTHFR C677T gene:
The fragment amplified by PCR contains a constant Hinf I site that generates The wild genotype (CC) has a single band representing the entire 198-bp fragment, and the heterozygous genotype (CT) results in three fragments of 198, 175 and 23 bp (the third band of 23 base pairs could not be visualized on the agarose gel), while the mutant homozygous for the MTHFR polymorphism results in 2 fragments 175 and 23 bp ( Our results showed that GG genotype occurred most frequently (88%) in our population, the CC genotype was rare (<1%) and was considered in conjunction with the heterozygous genotype. The prevalence of the GC genotype was found to be 12%, 20% in the control and patient groups, respectively whereas almost similar wild genotype (GG) frequencies (88% and 80%) were observed in controls and patients, respectively. C allele showed non significant frequency in the patient group (11%) compared to the control group (6%), (p = 0.2, OR 1.6 (95% CI, 0.69-5.46) (Table 4 ).
Discussion
Coronary artery disease (CAD) is the number 1 killer in the world and is felt to be largely preventable. Reduction of known risk factors for CAD such as hypercholesterolemia, hypertension, and smoking have been assessed in multiple randomized placebo-controlled clinical trials and is associated with 30% to 40% less clinical events such as death and myocardial infarction . Epidemiological and family studies have repeatedly shown that genetic predisposition accounts for 40% to 60% of the risk for CAD . Prevention and treatment of CAD to be comprehensive would be expected to also include modification of the effects of these genetic risk factors, analogous to the current treatment of hypercholesterolemia, which is partly genetic and partly environmental. The barrier until 2005 was the lack of technology. The first microarray having 500,000 single-nucleotide polymorphisms (SNPs) as DNA markers became available and within 5 years the results have been nothing short of remarkable. In total, over 1,319 genetic variants have been identified to be associated with increased risk for 160 diseases [22] .
Genome-wide association studies for coronary artery disease (CAD) have identified more than 30 variants robustly associated with CAD risk. The majority are not associated with conventional risk factors but highlight novel pathways, including cellular proliferation. Although some risk variants are non synonymous coding variants resulting in an amino acid change in the encoded protein, the majority are in non coding regions of the genome and may encompass multiple signals of variable effect. The use of genetic data for development of new therapies requires the identification of causative genetic variants and elucidation of the molecular mechanisms by which they predispose to CAD [23] . One of the potential candidate gene that account for an inherited predisposition to CAD is the receptor for advanced glycation end products (gene: AGER and protein: RAGE) which is multilegand receptor, belonging to the immunoglobulin super-family of cell surface molecules. The activation of AGER can evoke A wide range of signaling pathways that tigger inflammation Atherogenesis and vasoconstriction leading to coronary dysfunction, atherosclerosis and thrombosis [24] . AGER might be a powerful negative predictor of coronary artery disease [25] .
Our results cleared that there was a significant increase in CRP level in patients with CAD than control, this result was in agree with Pankow [26] who believed that the high levels of CRP may be due to that CAD manifestation depends on interactions between environmental and genetic risk factors genetic and environmental factors influence plasma concentration of CRP, the heritability of CRP was 35-40%.,This fact implies that acquired factors are at least of the same importance as genetic factors in the determination of plasma CRP concentration. Latkovskis [27] and Ferrari [28] show that polymorphisms in the IL-1 gene cluster, IL-6, tumor necrosis factor alpha32 and CRP genes were shown to affect the expression of CRP [29] . Also, the 1059 G >C polymorphism was found to be affecting the stability of CRP mRNA and hence changing the plasma CRP concentration. its impact on plasma CRP concentration may be due to linkage disequilibrium with nearby genetic polymorphisms, especially with those in the promoter region [30] . our study was also in line with Frances Wensley and Pei Gao [31] who believed that Blood concentrations of C reactive protein are strongly and continuously associated with future risk of coronary heart disease, though it is unknown whether this correlation reflects cause and effect and agreed with Pepys and his collegue [32] who clarify that there is interest in the possibility that massively raised concentrations of C-reactive protein at the time of acute ischemic events could contribute to severity and outcome of ischemic lesions.
Our results found that there was a significant increase in homocysteine level in patients with coronary artery disease than controls, our result also in line with Andreassi [33] who believed that the high levels of may be due to that Coronary artery disease (CAD) is the consequence of atherosclerotic plaque disposition on the coronary artery wall and that is due to that an increased homocysteine in the blood is thus related with acute endothelial dysfunction. Brattstrom and Wilcken [34] who highlighted the causal relationship between the occurrence of the coronary heart diseases and the high plasma tHcy. It is hypothesized that the high tHcy level induces pro-coagulative effects that result in endothelial damage that could precipitate the rupture of an established atherosclerotic plaque. Tripathi and his collegue [35] found that the average homocysteine level was significantly higher in the patient group than in the control.
Our results also revealed that: First, The mutant fibrinogen 455G/A associated with incidence of cardiovascular disease and this may be due to that the G-455A polymorphism is located in the promoter region of the fibrinogen Bb gene. Carriers of the -455A allele at this polymorphic site, about 20% of the population, have been suggested to have about 7-10% higher fibrinogen levels than those homozygous for the -455G allele [4] . Considering both the potential effects of the -455A allele on plasma fibrinogen levels and the presumed association between plasma fibrinogen levels and cardiovascular disease, a logical hypothesis would be that the -455A allele in itself is associated with increased risk of cardiovascular disease.
This finding agrees with several other published studies. Van't Hooft [36] reported that the substitution of G to A in -455A allele at the G-455A polymorphic site of the fibrinogen Bb-gene increase the rate of the transcription of the fibrinogen Bb-gene. De Maat [37] and his colleges conclude from their data on Dutch male coronary atherosclerotic patients that the AA-455 genotype is related to more severe and rapid progression of coronary atherosclerosis.
Green [38] reported an association between G-455A genotype and the progression of coronary artery disease. Chen [39] reported the absence of association between the b-chain fibrinogen gene -148C/T polymorphism, while there is susceptibility to the risk of CAD for the G455A polymorphism.
On the contrary, Tybjaerg-Hansen [40] did not find any relationship between this genotype and coronary heart disease in a general Danish population because he emphasize the lack of statistical power to detect genetic risk and point out the need for a larger study that would increase the possibility to detect genotype or allele frequency differences between cases and referents. Leander [41] did not find evidence of an association between the occurrence of the -455A allele and MI in either men or in women Similarly, Kardys [42] showed the specific fibrinogen gene haplotypes were not associated with coronary events.
Second, MTHFR gene polymorphism was associated with the incidence of coronary heart disease in the studied patients and this may be due to the transition of C by T in -677T allele at the C677T polymorphic site of the MTHFR affect the rate of the homocysteine metabolism causing increase in its level causing hyper homocysteinemia, this result was in agree with Frost [9] who reported that (70% reduced activity in the TT genotype and 35% reduced activity in the CT genotype) implies elevated homocysteine levels in these two genotypes.
Tripathi [35] found a significantly higher frequency of T alleles in CAD patients than in controls. OR in this group was 1.75. Other epidemiological studies that estimated the risk of CAD associated with the T allele showed conflicting results. Notwithstanding, Kerkeni and Alam found this substitution to be a significant risk factor [43, 44] . On the contrary, on summarizing the results from 8 studies, Kluijtmans [45] encountered no significant difference for the T allele, although they reported higher frequencies (31.8% and 29% in patient and control group respectively). Mohamed [46] found that there was no significant correlation between high tHcy levels and MTHFR genotypes in patients. This finding is in keeping with a recent report Morelli [47] which found no association between the plasma tHcy and the MTHFR polymorphism most studies did not show an association between the MTHFR polymorphism and subsequent development of cardiovascular diseases. Thogersen [48] evaluated that there was no significant difference between the patients group and the control group regarding the distribution of the TT genotype.
Third,
CRP+1059 G>C gene polymorphism was not associated with the occurrence of coronary heart disease in the studied patients and this due to that CRP 1059 C allele carrier is associated with lower plasma CRP concentration, while at an older age, the presence of CAD or diabetes is associated with higher plasma CRP concentration. This result was in agree with Dao-Fu Dai [49] who found that CRP gene 1059 G > C polymorphism was not associated with CAD, although this polymorphism significantly affected plasma CRP concentration. they also demonstrated that subjects with CAD or MI had significantly higher plasma CRP concentration compared to controls and this finding was in line with Wensley and his colleges [31] whose results indicated that genetically raised concentrations of C reactive protein were unrelated to conventional risk factors and risk of coronary heart disease. Zee and Ridker [50] reported in prospective studies of Caucasian populations that the CRP gene 1059 G > C polymorphism, despite affecting plasma CRP concentration, was neither associated with future MI and stroke events, nor with post-angioplasty rest enosis and this results was with those from previous studies that used other methods, such as the null findings of in vivo studies of atherosclerosis that have involved either injection of C-reactive protein in different species or transgenic expression of C reactive protein in mice and rabbits. [51, 52] 
VI. Conclusion:
The present study demonstrated that homocystiene, CRP ß-fibrinogen 455G/A and MTHFR C677T gene polymorphisms were associated with the incidence of CAD whereas CRP 1059 G/C is not associated with CAD in Egyptian population.
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